Glutathione oxidase activity of selenocystamine: a mechanistic study.
Selenocystamine (RSe-SeR) was shown to catalyze the oxygen-mediated oxidation of excess GSH to glutathione disulfide, at neutral pH and ambient PO2. This glutathione oxidase activity required the heterolytic reduction of the diselenide bond, which produced two equivalents of the selenolate derivative selenocysteamine (RSe-), via the transient formation of a selenenylsulfide intermediate (RSe-SG). Formation of RSe- was the only reaction observed in anaerobic conditions. At ambient PO2, the kinetics and stoichiometry of GSSG production as well as that of GSH and oxygen consumptions demonstrated that RSe- performed a three-step reduction of oxygen to water. The first step was a one-electron transfer from RSe- to dioxygen, yielding superoxide and a putative selenyl radical RSe., which decayed very rapidly to RSe-SeR. In the second step, RSe- reduced superoxide to hydrogen peroxide through a much faster one-electron transfer, also associated with the decay of RSe. to RSe-SeR. The third step was a two-electron transfer from RSe- to hydrogen peroxide, again much faster than oxygen reduction, which resulted in the production of RSe-SG, presumably via a selenenic acid intermediate (RSeOH) which was trapped by excess GSH. This third step was studied on exogenous hydroperoxide in anaerobic conditions, and it could be eliminated from the glutathione oxidase cycle in the presence of excess catalase. The role of RSe- as a one- and two-electron reductant was confirmed by competitive carboxymethylation with iodoacetate. RSe- was able to rapidly reduce ferric cytochrome c to its ferrous derivative. The overall rate of catalytic glutathione oxidation was GSH concentration dependent and oxygen concentration independent. Excess glutathione reductase and NADPH increased the catalytic oxidation of GSH, probably by switching the rate-limiting step from selenylsulfide to diselenide cleavage. When GSH was substituted for dithiothreitol, it was shown to reduce RSe-SeR to RSe- in a fast and quantitative reaction, and selenocystamine behaved as a dithiothreitol oxidase, whose catalytic cycle was dependent on oxygen concentration. The oxidase cycle of glutathione was inhibited by mercaptosuccinate, while that of dithiothreitol was not affected. When mercaptosuccinate was substituted for GSH, a stable selenenylsulfide was formed. These observations suggest that electrostatic interactions affect the reductive cleavage of diselenide and selenenylsulfide linkages. This study illustrates the ease of one-electron transfers from RSe- to a variety of reducible substrates. Such free radical mechanisms may explain much of the cytotoxicity of alkylselenols, and they demonstrate that selenocystamine is a poor catalytic model of the enzyme glutathione peroxidase.